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Specification 



1. Title of the Invention 



METHOD OF MANUFACTURING AN INSULATED GATE FIELD EFFECT 
TRANSISTOR FOR INTEGRATED CIRCUITS 



A method of manufacturing an insulated gate field effect transistor for integrated circuits 
which is of a type of using a diffusion mask made of fire resistant metal, said method 
comprising the steps of: 

depositing, on a surface of a silicon wafer of one conductivity type, a thin gate insulating 
layer consisting of a silicon dioxide layer which has been thermally grown on the surface of 
said silicon wafer and a silicon nitride layer, and a thick electric field insulating layer overlying 
said thin gate insulting layer; 

forming, through said thick electric field insulating layer, a single opening for a source 
region, a gate and a drain region of an associated transistor so that it reaches said silicon nitride 
layer; 

depositing a thin film made of fire resistant metal on the exposed part of said silicon 
nitride layer and other part of said thick electric field insulating layer; 

forming openings for the source and the drain so that they pass through said thin film 
made of fire resistant metal and said thin gate insulating layer; 

depositing a glass film which has been doped with activator impurities over the whole 



2. Scope of Claim for a Patent 



l 



/ IU"U = -| |-UU5»S^4801352406 P 5 



surface of said silicon wafer which has been processed and diffusing the activator impurities 
into said silicon wafer to form a source region and a drain region which are of an opposite 
conductivity type; 

forming openings for contacts through the glass film; and 

depositing the composition for contact metallization. 

3. Detailed Description of the Invention 

The present invention relates to a method of manufacturing an insulated gate field effect 
transistor which is suitable for integrated circuits, and more particularly to the processing of 
a metal - oxide - semiconductor field effect transistor in which a fire resistant metal film or any 
one of other suitable metal films is used as a diffusion mask. 

In the case where a metal - oxide - semiconductor field effect transistor for the general 
(non-fire resistance type) monolithic integ rated c ir cuits, i .e., the so-called MOS transistor is 
manufactured, as for the order of the processings, it is general that when after having diffused 
the activator impurities into a surface of a silicon wafer to form a source electrode and a drain 
electrode, the layer which is previously deposited and overlaps a gate region is removed and 
then the device is completed, an insulating layer acting as the gate insulator is regrown. 
Describing further this point, in the standard processing order, a thin film made of silicon 
dioxide is grown on a surface of a silicon wafer, i.e., a substrate of one conductivity type; 
openings are bored through a passivation thin film so that they reach a source region and a 
drain region, respectively; and the activator impurities are thermally diffused through an 
associated window parts to form a source region and a drain region each of which is of an 
opposite conductivity type in the surface of the silicon wafer and in the vicinity thereof. 
Thereafter, a thick layer made of silicon dioxide for the electric field insulation is deposited 
or grown over the whole surface of the processed silicon wafer. In the gate region and the 
contact region between the source and the drain, both of the thin oxide layer and the thick 
oxide layer overlying that thin oxide layer are removed so as to expose the associated part of 
the surface of the silicon wafer. Then, the second thin gate insulator layer made of silicon 
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dioxide is regrown in the gate opening. The contact holes are bored so that they pass through 
the thin gate oxide film to reach the source and the drain, respectively, and then the 
composition for the contact metallization is deposited on those electrodes and also the 
composition for the contact metallization is also deposited on the gate insulator layer to form 
a gate electrode, thereby completing the processing. 

If a diffusion mask made of fire resistant metal such as molybdenum or tungsten is used 
in the diffusion work, then the so-called RMOS field effect transistors can be obtained. In 
those processings for the RMOS transistor and the above-mentioned MOS transistor, it is also 
general that after having removed the insulating layer which was firstly deposited from the gate 
region, the gate insulator layer is grown. In the order of a certain method, a thick silicon 
dioxide layer for the electric field insulation is deposited by the thermal decomposition over 
the whole surface of the silicon wafer, an opening is formed by the etching for each of the gate 
region, the source re gion and the drain region, and a thin silicon dioxide film is grown in the 
opening. After having deposited an adhesive film made of fire resistant metal with which the 
gate insulator is covered and then detennining a pattern thereof, the thermal diffusion is carried 
out through a thin oxide film which is located in the overside of the source region and the drain 
region to diffuse the activator impurities into the surface of the silicon wafer located 
therebelow. At this time, no diffusion through the diffusion mask made of fire resistant metal 
occurs at all, and this mask does not react on the gate insulator as well at the diffusion 
temperature. Similarly to the foregoing, the contact holes are bored to which the composition 
for the contact metallization is in turn applied. While there is known at least one method 
wherein RMOS transistors are manufactured so that a gate oxide layer is not regrown, each of 
the transistors which were manufactured in such a manner does not include a thick oxide film 
for the electric field insulation which is required for the monolithic integrated circuits. The 
operation of this thick oxide film in the monolithic integrated circuits is to support the 
interconnection pattern made of metal which is required for connecting electrically the 
transistor of interest to the associated circuit without generating the electrical interference 
between the interconnection part and the associated device. 
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In the light of the foregoing, it is therefore an object of the present invention to provide 
an improved method of manufacturing an insulated gate field effect transistor for integrated 
circuits which is of a type of utilizing a film made of fire resistant metal as a diffusion mask 
and adopting a thick oxide film for the electric field insulation, which is obtained by the 
lamination, as an integral one-piece part of a transistor structure. 

It is another object of the present invention to provide an optimal method in which the 
process of regrowing a gate oxide film which is conventionally decisive when manufacturing 
such a field effect transistor having a gate insulator layer made of oxide is avoided and by 
which a field effect transistor can be manufactured in a cost effective manner. 

According to the present invention, a method of manufacturing an insulated gate field 
effect transistor for integrated circuits includes a process of depositing, on a surface of a 
semiconductor substrate of one conductivity type, one or more thin gate insulator layers and 
ji thick insulator Jay er for the electric field insulation overlying the one or more thin gate 
insulator layers. The preferred insulator is the lamination body consisting of silicon dioxide 
which is thermally grown and silicon nitride, and thick silicon dioxide which is deposited by 
the thermal decomposition. A single opening for a source, a gate and a drain is formed so that 
it passes through the thick electric field insulator to reach the gate insulator layer, i.e., the layer 
made of silicon nitride. Next, a thick metal film, preferably, a film made of fire resistant metal 
such as molybdenum is deposited on the gate insulating film which has been exposed and other 
part of the thick electric field insulator film. The subsequent processing for the transistor is 
carried out without removing the gate insulating film of the gate region. This processing 
includes the steps of: forming openings for a source and a drain in a metal film and a gale 
insulator layer; depositing a glass film which has been doped with activator impurities; 
diffusing the activator impurities into a surface of a semiconductor substrate using a metal film 
for which the pattern has been determined as a diffusion mask to form a source electrode and 
a drain electrode each of which is of an opposite conductivity type; forming contact holes; and 
depositing the composition for the contact metallization. 

The above and other objects as well as features and advantages of the present invention 
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will become clear from the more detailed description of the preferred embodiment shown in 
the accompanying drawings. 

The technology for manufacturing semiconductor devices which will hereinafter be 
described may be used either to manufacture an N-channel insulated gate field effect transistor 
and a P-channel insulated gate field effect transistor, or an enhancement type gate insulating 
field effect transistor or a depletion type gate insulating field effect transistor. Its limits, as 
described above, are that the manufactured transistor is the integrated circuit device, and that 
a fire resistant metal film or any of other metal films is used as the diffusion mask which is 
used when manufacturing the transistor. For convenience of the description, the case where 
a P-channel enhancement type metal - oxide - semiconductor field effect transistor is 
manufactured on a silicon wafer will hereinafter be described in detail with reference to the 
accompanying drawings. However, while the gate insulating film includes generally an oxide 
layer, as may be necessary, the gate insulating film may be completely formed of any of other 
insulator. Therefore, this respect is not essential to the implementation of the present 
invention. In addition, the present invention may be applied to semiconductor such as 
germanium and arsenical gallium other than silicon. Finally, additionally speaking, while the 
description will now be given with respect to only the manufacture of one device, in actual, 
arrays of transistors for monolithic integrated circuits are manufactured at the same time. 

Giving the description with respect to a flow chart of Fig. 1 and the steps of 
manufacturing a semiconductor device which are shown in correspondence to Fig. 2a to Fig. 
2f, the various kinds of processes are carried out on one surface of a substrate 10 made of n 
type silicon. Only small part of the substrate 10 is illustrated in the figures. The substrate is 
typically a flat and thin silicon wafer which is in the range of 6 to 12 mils in thickness and 
which is in the range of 1 to 1.5 inches in diameter for example. The first process in the 
processing order (refer to Fig. 2a) is to deposit a thin layer 11 made of silicon dioxide (SiO z ), 
which has been thermally grown, on one surface of the substrate 10. A thin film 12 made of 
silicon nitride (Si 3 N 4 ) or a thin film made of other suitable insulator such as ox-silicon nitride 
or aluminium oxide (A1 2 0 3 ) is deposited on the grown oxide layer 11. While made clear at 
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once, for an electric field insulator layer 13 which will be subsequently deposited, it is the 
necessary condition that the electric field insulator layer 13 can be selectively etched away 
against the gate insulating film underlying the layer 13. While a single gate insulator layer 
consisting of grown silicon dioxide, silicon nitride or some suitable insulator or other, or the 
lamination body including two or more layers may also be employed as the gate insulating 
film, the preferred structure is such that a thin film made of silicon nitride is deposited on the 
thermally grown silicon dioxide film. A thick electric field insulator layer 13 made of silicon 
dioxide formed by the thermal decomposition is preferably deposited on that lamination body 
acting as the gate insulating film in the completed device. The subsequent processing until the 
device is completed is carried out with gate dielectric substance, which was originally formed, 
left as it is. Using silicon nitride in this method, while will be apparent later, is advantageous 
in that this insulator material has the large density and hence prevents the contamination of the 
ions so that it is not etched by the etchant which is generally used to manufacture a 
semiconductor device or if etched, is slowly etched. Giving an example, the thickness of the 
deposited film consisting of the silicon dioxide layer and the silicon nitride layer as the gate 
insulating film is equal to or smaller than about 1,000 A, while the thickness of the thick oxide 
film for the electric field insulation is in the range of 10,000 to 15,000 A. Those layers are 
respectively deposited using the generally well known deposition method. 

The next process of the method order (refer to Fig. 2b) is to form a single opening 14 for 
a source electrode, a gate electrode and a drain electrode of the field effect transistor through 
the oxide layer 13 for the electric field insulation so that it reaches the silicon nitride layer 12. 
In general, in order to carry out this process, the upper surface of the thick oxide layer 13 is 
covered with a thin film made of photo resist, the pattern of the photo resist thin film is 
determined, and a desired part of the thick oxide layer which is not covered with the patterned 
photo resist thin film and which corresponds to the opening is removed by the etching. For 
photo resist, the well known arbitrary one is employed. The acid for the etching which is 
selected is the acid which of course, removes the oxide layer for the electric field insulation, 
but does not substantially react on the silicon nitride layer. One suitable acid for the etching 
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is the buffer solution of hydrogen fluoride containing about one part of HF to ten parts of 
ammonium fluoride, by volume. The remaining photo resist thin film is removed. 

Next, a thin adhesive fire resistant metal layer 15 made of molybdenum is deposited on 
the surface of the processed wafer including the sidewall and the bottom face of the opening 
14. The main properties which are desired for the fire resistant metal film for use in this 
process are that the fire resistant metal film adheres to each of the layers underlying the fire 
resistant metal film and also does not substantially react thereon at the temperature ranging 
from about 1,000 to about 1,500°C, that it is the electrical conductive material, and that it can 
be selectively etched away. After having determined suitably the pattern, the molybdenum 
layer 15 acts as the diffusion mask while the drain region and the source region each of which 
is of an opposite conductivity type are formed on the surface of the silicon substrate 10 and in 
the vicinity thereof. The technique for using fire resistant metal film as the diffusion mask 
when manufacturing a semiconductor device is described in more detail in U.S. Patent 
Application Serial No. 761,389 to the inventors, M. Brown and Merbin Gerfincle filed on 
August 16, 1968 the disclosure of which is incorporated herein by reference. As described 
above, by using a photo resist thin film for which the pattern has been determined, the 
expected gate region 1 6 (refer to Fig. 2d) is protected from the etchant. On the other hand, the 
expected source and drain regions which are located on both the sides thereof are not protected 
from the etchant so that it becomes easy to form openings 17 and 18 each reaching the surface 
of the silicon wafer 10 by the etching. In order to form the openings 17 and 18 for the source 
and drain regions by the etching, in general, it is necessary to use the different etchants for the 
molybdenum laysr 15, the silicon nitride layer 12 and the silicon dioxide layer 11 of the thin 
insulator film. An example of the suitable etchants which can be used therein will be taken 
later. 

In the next process of the processing order, the whole surface of the processed silicon 
wafer is covered with glass which has been doped with the activator impurities containing 
therein a small amount of donors or acceptor impurities. In this case, Si0 2 which has been 
doped with boron of about 1% is deposited on the wafer which has been processed with a 
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metal mask as well as in the holes 17 and 18 in the metal mask in order to form a p type source 
electrode and a p type drain electrode. It is normal that in order to carry out the n type 
diffusion, glass which has been doped with phosphorus is used. Other donor, acceptor 
activator impurities or the doping agent, as generally well known, is the elements of the group 
III or the group V. The wafer which is covered with glass is then heated at a suitable 
temperature for a suitable period of time to diffuse the activator atoms into the surface of the 
substrate 10 to form a p type source electrode 19 and a p type drain electrode 20. The 
transverse diffusion beyond the boundary of the openings 17 and 18 for the source and the 
drain is slightly recognized, and hence the source electrode 19 and the drain electrode 20 come 
partially into the positions under the gate region 16. 

As for the final process (refer to Fig. 2f), three contact holes are bored through a glass 
film 21 which has been doped with the activator impurities and they come into contact with 
a molybdenum layer overlapping the gate region 16. The source and drain electrodes 19 and 
20 by utilizing the general vacuum evaporation method or sputtering method, and then contact 
metallization compositions 22, 23 and 24 are applied thereto. It is preferable that the mask 
process utilizing the photo resist film is used twice, and the first mask process is used to 
determine the contact holes and the second mask process is used to determine the pattern of 
the contact metallization compositions. In order to carry out the subsequent process, as shown 
in Fig. 3, it is the most convenient that the whole surface of the processed wafer is covered 
with a thin film made of metal such as aluininium or molybdenum, and then two trenches are 
respectively formed on both the sides of the gate by the etching to separate the metallization 
composition into three areas which are individually electrically insulated from one another. 

Fig. 3 is a schematic perspective view showing the preferred rectangular structure of the 
completed device. As described above, in general, the arrays of the semiconductor devices 
each of which is the same in structure as one device shown in Fig. 3 are manufactured at the 
same time. In order that the formation of the contacts for the individual electrodes of the 
transistor, and the interconnection between the various kinds of devices on the monolithic 
integrated circuit chip and the interconnection to other circuit elements on the 
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above-mentioned monolithic integrated circuit chip may be readily carried out, the pattern of 
the metallization compositions as shown in Fig. 3 is desirable in that the contact pads 25 to 27 
are formed concurrently with the above-mentioned contact metallization compositions 22 to 
24. It will be recognized that the interconnection pattern is deposited on the surface of the 
thick oxide layer 13 for the electric field insulation and the glass layer 21 doped with activator 
impurities in the position higher than the active device where it does not electrically interfere 
with the active device. Now, giving the typical sizes of the fire resistance type metal - oxide 
- semiconductor field effect transistor as shown in Fig. 3, the lengths of the source electrode 
19 and the drain electrode 20 are respectively in the range of 0.55 to 0.75 mils, and the length 
of the P-channel 28 which is generated between the source and the drain when applying the 
voltage having the suitable polarity and magnitude to the gate contact 22 is in the range of 
about 0.25 to about 0.8 mils. In addition, the size of the orthogonal direction of the P-channel 
28 and the overall device, i.e., the size of the width direction thereof is in the range of about 
0.3 to about 1.0 mils. The determination of the actual size of the specific device depends on 
the intended use of the circuit. Giving the description with respect to the operation, if the D.C. 
voltage having the suitable polarity is applied across the source contact 23 and the drain 
contact 24, then when the negative voltage exceeding the threshold voltage is applied to the 
gate contact 22, the state of the device is changed from the non-conducting state to the 
conducting state. Then, the electric field is generated in the gate insulator layers 11 and 12, 
and a part, of the electric field, which is generated in the substrate 10 attracts the holes from 
the body of the substrate towards the surface thereof to form the P-channel 28 through the 
inversion process. As a result, the p-n-p type until now is changed into the p-p-p type so that 
the current is caused to flow between the source electrode 19 and the drain electrode 20. 
Increase in the magnitude of the gate voltage causes the conducting degree of that channel to 
be increased. 

The main feature of the method of manufacturing the fire resistant metal type gate 
insulating filed effect transistor is that in the first process, the silicon dioxide layer 1 1 and the 
silicon nitride layer 12 which become the gate insulating film are deposited in this order, and 
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the thick silicon dioxide layer 13 for the electric field insulation is deposited thereon at once, 
whereby thereafter, the process up to the completion of the device is carried out without 
processing the gate insulating film which was originally formed. Since the silicon dioxide 
layer for the gate becoming a conclusive factor is grown in the first process and then it is not 
processed any more, the optimal cleaning method of cleaning the surface of the silicon wafer 
10 has only to be used once. In this method order, the thick silicon dioxide layer for the 
electric field insulation is deposited by the thermal decomposition and hence has not the 
defective interface property which is generally caused when depositing an oxide layer. This 
reason is that both of the gate oxide layer which has been thermally grown and the silicon 
nitride layer which underlie that thick silicon dioxide layer determine the interface property. 
The thick oxide layer for the electric field insulation can be successively deposited on the 
silicon nitride layer which will act as the barrier in the subsequent processing. In accordance 
with this method order, there is unnecessary the conventional process wherein the associated 
layers are cut open to expose the associated part of the surface of the silicon wafer in order to 
regrow silicon dioxide as the gate insulator. The remaining processes are selected so as to 
become the inexpensive and optimal method order for applying the generally well known 
technique for manufacturing the gate insulation type filed effect transistor employing a fire 
resistant metal film as the diffusion mask to the monolithic integrated circuits each requiring 
the thick oxide film for the electric field insulation. The electrical characteristics of the device 
which was manufactured in such a manner as described above are the same as those of the 
device which was manufactured in accordance with the conventional method. 

As described above, the individual works of the semiconductor processing can he carried 
out by utilizing the conventional and general technique. The point of the present invention is 
how to adopt the order of the processes for obtaining the optimized inexpensive method and 
the device employing the same. As an example, the method of manufacturing a P-channel 
enhancement type metal - oxide - semiconductor field effect transistor will hereinafter be 
described in more detail than the above description. The more detailed description with 
respect to some work of this method can be understood by referring to U .S . Patent Application 
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Serial No. 761,389 which was previously cited herein. Referring now to Fig. 2a, the thermally 
grown silicon dioxide layer 11 of the gate insulating film has the thickness of 700 A, the 
silicon dioxide layer 11 has been thermally grown at about 1,200 °C in oxygen atmosphere in 
the oven. Silane is made react on ammonia in the oven, whereby the silicon nitride layer with 

o 

about 500 A thickness is deposited. Next, the thick silicon dioxide layer for the electric field 
insulation is deposited at 800 °C for 40 minutes in the oven by the thermal decomposition until 
it has the thickness of about 12,000 A. 

By using the suitable one of the well known multiple photo resist compounds, the pattern 
of the single opening 14 for the source, the gate and the drain is determined (refer to Fig. 2b). 
Giving the specific photo resist as an example, there is one which is on the market as the trade 
name ofKMER from Eastman Kodack Company. After the photo resist film has been exposed 
and developed, both of the resultant photo resist film having a predetermined pattern and the 
associated part of the silicon nitride layer are used as the etching mask to form the opening 14 
by the etching using the HF buffer solution. Next, the photo resist mask is chemically 
removed. The molybdenum thin film with about 5,000 A thickness is deposited by utilizing 
the standard vacuum evaporation method or sputtering method. The second photo resist mask 
having a predetermined pattern is formed on the surface of the molybdenum thin film (refer 
to Fig. 2d) to protect the gate region 16 while the range of the openings 17 and 18 for the 
source and the drain is determined. Next, the molybdenum layer 15 is selectively etched away 
by using the aluminium or molybdenum etchant consisting of sixteen parts of phosphoric acid, 
one part of nitric acid, one part of acetic acid and one part of water for example. The etchant 
selectively etches away the molybdenum thin laysr locating above the openings 17 and 18 for 
the source and the drain, but does not substantially react on silicon nitride. Next, the silicon 
nitride layer 12 is etched by phosphoric acid, but the phosphoric acid does not etch 
molybdenum at all. While the thermally grown silicon dioxide layer 1 1 is left as it is, this layer 
11 is etched by the above-mentioned HF buffer solution. 

In order to form the p type source electrode 19 and the p type drain electrode 20 which 
have been remarkably doped with the activator impurities, the doped glass film made of Si0 2 
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which has been doped with boron of about 1% is deposited on the part of the processed wafer 
which is covered with the fire resistant metal mask as well as in the holes 17 and 18 for the 
source and the drain, and then is heated at about 1,150°C for about one hour to diffuse the 
activator atoms into the region in the vicinity of the surface of the n type silicon substrate 10. 
The thickness of the doped glass film 21 may be in the range of 4,000 to 6,000 A. As well 
known, the temperature and the period of time for the diffusion of the activator impurities are 
changed depending on the factors such as the thickness of the doped film, the desired depth 
of the penetration of the activator impurities, and the orientation of crystal. In the next process 
of the method, the third photo resist mask is formed on the doped glass film 21. In this 
connection, for the formation of the third photo resist mask, the photo resist film is subjected 
to the exposure using the pattern for determining the contact holes for contact metallization 
compositions 22 to 24 (refer to Fig. 2f). Then, the contact holes are bored through the 
associated layers by using the standard HF buffer solution. Next, the metal thin film made of 
aluminium is deposited over the whole surface of the processed wafer by utilizing the vacuum 
evaporation method or the sputtering method. Then, the fourth photo resist film for the 
etching mask is formed on the aluminium film to be subjected to the exposure so as to 
determine the pattern for the contacts and the metal interconnection parts. 

In summary, in order to manufacture the insulated gate field effect transistor which is of 
a type of using the diffusion mask made of fire resistant metal, as the first process of the 
method, one or a plurality of gate insulator layers and the thick film for the electric field 
insulator overlying the gate insulator layers are deposited in this order on the silicon wafer. 
As the preferable materials therefor, the gate insulating film is the lamination body consisting 
of the thermally grown silicon dioxide thin film and the silicon nitride thin film, and the 
electric field insulator film is made of thick silicon dioxide which has been deposited by the 
thermal decomposition. After the single opening having the large width has been bored 
through the electric field insulator film, the fire resistant metal film made of fire resistant metal 
such as molybdenum is deposited on the gate insulating film. Thereafter, all of the processing 
of boring the openings for the source and the drain through the gate insulator layer, the 
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processing of depositing glass which has been doped with the activator impurities, the 
processing of diffusing the activator impurities into the surface of the silicon wafer to form the 
source region and the drain region in the silicon wafer, the processing of boring the contact 
holes, and the processing of depositing the contact metallization compositions are carried out 
without processing the gate dielectric film which was originally formed. This method is 
suitable for manufacturing the inexpensive arrays of the fire resistance type gate insulating 
field effect transistor for the monolithic integrated circuits. Such arrays, for example, are used 
in the various kinds of digital circuits. 

While the preferred embodiment of the present invention has been illustrated and 
described, it is obvious to those skilled in the art that the changes of the shape and the details 
can be made within the scope of the invention. 

The present invention can include the following forms in connection with the description 
of Scope of Claim for a Patent. 

(a) The fire resistant metal film is made of molybdenum. 

(b) In accordance with (a), the thick electric field insulator layer is made of silicon 
dioxide which has been deposited by the thermal decomposition. 

(c) In accordance with (b), the transistor has the shape which is surrounded by the straight 

lines. 

4. Brief Description of the Drawings 

Fig. 1 is a flow chart showing the main process when manufacturing a fire resistance type 
metal - oxide - semiconductor field effect transistor in accordance with the present invention; 
Fig. 2a to Fig. 2f are respectively cross sectional views showing the structure of the 
semiconductor body in steps corresponding to the various processes in the middle of 
implementing the method shown in the form of the flow chart of Fig. 1; and Fig. 3 is a 
perspective view showing the construction of a completed fire resistance type field effect 
transistor for monolithic integrated circuits. 

Description of Main Reference Numerals: 
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10: n type silicon wafer 

11: thermally grown silicon dioxide 

12: silicon nitride (layers 11 and 12 become a thin gate insulating film) 
13: thick electric field insulator 
14: opening 

15: film made of fire resistant metal 
16: gate region 

17: opening for source - 
18: opening for drain 
19: source region 
20: drain region 

21: glass film doped with activator impurities 
22: gate contact 
23: source contact 
24: drain contact 
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